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INTRODUCTION
Globally, the range and abundance of many en de -
mic riverine fishes are declining (Ricciardi & Ras-
mussen 1999, Williams et al. 2008). Anthropogenic
disturbances to physical habitat, including degrada-
tion of habitat, stream alterations, and loss of stream
connectivity, have led to the reduction and loss of
several species (Richter et al. 1997, Zabel & Williams
2002, Wang et al. 2008, Volcan et al. 2011) and have
also altered species assemblages (Cumming 2004,
Fischer & Paukert 2008, Jowett et al. 2009). Other
factors that have led to the loss or decline of fresh -
water species include reductions of water quality
from pollution (Austin 1998, Bonner & Wilde 2002)
and the introduction of non-native species (Lynch
1988, Crowl et al. 1992, Rahel 2002).
Management and conservation of riverine species
with patchy distributions are especially complicated
because of the challenges in detecting long-term
changes (Fischer & Paukert 2008). Often, historical
documentation of range and density is lacking and
baseline data from periods before human alterations
are unavailable (Matthews 1988, Ulltang 1998). Ad -
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ditionally, lotic systems are geographically expansive
and can be influenced by multiple alterations and
disturbances at the same time, which makes deter-
mining the primary causes for species decline and
loss difficult (McCartney 2002).
The plains topminnow Fundulus sciadicus is en de -
mic to the central United States (Fig. 1) with 2
 disjunct populations (Lee et al. 1980). The largest
 distribution is centered in Nebraska and extends to
north eastern Colorado, southwestern Wyoming,
southern South Dakota, southwestern Minnesota and
Iowa (Baxter & Stone 1995, Weitzel 2002, Rahel &
Thel 2004). The second population is centered in
Missouri and ex tends from Kansas south to Okla-
homa (Pflieger 1997) (Fig. 2). The plains topminnow
is currently ranked as globally secure according to
the Natural Heritage database (NatureServe 2011).
However, all states in the native range, except Okla-
homa, recognize some level of concern for plains top-
minnow. In Iowa and Kansas, plains topminnow is
presumed extirpated (Harlan et al. 1987, Haslouer et
al. 2005). South Dakota (Bailey & Allum 1962, Brink -
man 1994) lists plains topminnow as threatened
whereas in Minnesota, Missouri, Colorado (Everhart
& Seaman 1971), Wyoming (Weitzel 2002) and Ne -
bras ka, plains topminnow is listed as a species of spe-
cial concern  (NatureServe 2011). Recent (2004− 2005)
sampling in Nebraska at 130 sites where plains top-
minnow his torically occurred found that 29.2% of
sites were occupied by the species (Haas 2005). At a
broader scale, recent surveys to detect plains topmin-
now distribution as compared to available historical
data across its range had not been attempted. The
goals of this study were to compare current and his-
torical distribution records, evaluate additional sites
for plains topminnow presence, de ter mine sampling
effectiveness via detection probability and document
potential threats. The objectives of this project were
to: (1) conduct surveys of all accessible sites with his-
torical records of plains topminnow to determine
whether they were still present, (2) conduct surveys
in additional potentially suitable sites to determine
scope of distribution, (3) quantify detection probabil-
ities of plains topminnow with an established sam-
pling protocol, and (4) use our results to describe
 current plains topminnow distribution while consid-
ering factors that have potentially influenced their
distribution.
MATERIALS AND METHODS
Study area
The historical distribution of plains topminnow and
extent of this study includes a 9 state range (Fig. 1).
Historical distribution records were obtained from
either the Natural Heritage Program Database or
state natural resource agency databases. A current
record was based on an a priori definition using crite-
ria of the United States Fish and Wildlife Service
(USFWS) and was defined as all records sampled
within the 10 yr previous to the termination of data
collection for this study (2000−2010). Historical re -
cords were defined as all records collected prior to 1
January 2000 (1889−1999). Historical records may
fall outside of the native distribution because plains
topminnow has been presumed to be introduced into
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Fig. 1. The historical distribution of plains topminnow Fun-
dulus sciadicus encompasses 9 central states: Colorado
(CO), Wyoming (WY), South Dakota (SD), Nebraska (NE),
Kansas (KS), Oklahoma (OK), Minnesota (MN), Iowa (IA) 
and Missouri (MO)
Fig. 2. Historical locations (n = 927) of plains topminnow oc-
currence across their 9-state geographic range (see Fig. 1).
Historical data were collected between 1889 and 1999
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some drainages with stockings. However, for the pur-
pose of determining current presence at historical
sites, we used all documented occurrences of the
species. Historical sites found to have a dry channel
were currently counted as absent for plains top min -
now. For Nebraska, dry sites observed in the past
10 yr were revisited in later years and sampled when
water was present.
Field collection
Within a watershed, plains topminnow display a
preference for slow-moving, low-gradient streams
and peripheral habitats (e.g. vegetated channel
edges and backwaters) of larger streams, and are
rarely found in the main channel (Cross & Collins
1995, Pflieger 1997, Rahel & Thel 2004). Current
sampling efforts were provided by several biologists
from surrounding state and federal agencies working
throughout the study area. Of the 667 historical sites
currently sampled, approximately two-thirds were
sampled using the sampling protocol defined by this
study (Iowa, Kansas, Missouri, Nebraska and South
Dakota) whereas the remaining sites (Colorado,
Iowa, Minnesota, Missouri, Nebraska, Oklahoma
and Wyoming) were sampled following the appropri-
ate state natural resource agency’s wadeable stream
protocol (Table 1).
This study located a historical site using a global
positioning system and then sampled a minimum
length of 150 m and a maximum length of 300 m. The
sampling protocol followed by this study (hereafter
referred to as ‘study protocol’) included multiple
passes using a series of sampling gears appropriate
to the site. Because this study sought to establish the
presence or absence of plains topminnow at a site,
when topminnow were collected, no additional sam-
pling passes with other gears were conducted. The
initial and primary fish collection method used 2
passes with dip netting (bar 3.2 mm mesh). If unsuc-
cessful, 2 passes with seines (6.4 × 1.2 m, 6.4 mm
mesh) and finally one pass of electrofishing with a
backpack pulsed DC electrofisher was used. If no
plains topminnow were captured using the 3 sample
methods at a site, then plains topminnow were deem -
ed to be absent.
At some sites, not all sampling gear types were
suitable and judgment was used in instances where
certain gears would work better. For example, seines
were not used at sites where the backwaters were
obstructed by submerged woody debris; instead,
these sites were sampled with dip netting and elec-
trofishing. All captured fish were identified, counted
and released in the field. Voucher specimens were
taken at each sampling location and preserved in
10% formalin to be stored at the Nebraska Game and
Parks Commission (NGPC) Northwest District Office
in Alliance, Nebraska.
Additional sites on streams with historical presence
(n = 1109) were also sampled in an effort to find new
sites occupied by plains topminnow. Potential new
plains topminnow locations were sampled as a col-
lective effort by several biologists and state natural
resource agencies (Colorado, Iowa, Minnesota, Mis-
souri, Ne bras ka, Oklahoma and Wyoming) and by
the present study (Iowa, Kansas, Nebraska, Okla-
homa and South Dakota). Of the additional sites sam-
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State                             Historical                                                                 Potential                                Total sites 
                            No. sites       No. sites       No. sites         Study            No. sites        No. sites          Study            occupied
                                                   visited         occupied       protocol                                 occupied        protocol                  
Colorado                  131               131                 13                   0                     12b                  12                    0                      25
Iowa                          5a                   3                    0                    1                      65                    0                    21                      0
Kansas                       1                   1                    0                    1                       4                     0                     4                       0
Minnesota                14                  7                    7                    0                     411                  33                    0                      40
Missouri                    74                 38b                  9                   36                    28b                  28                    0                      37
Nebraska                 618               427                147                374                   308                  44                  104                   191
Oklahoma                18                 18                   0                    0                      7b                    2                     5                       2
South Dakota           41                 32                   6                   32                      7                     5                     7                      11
Wyoming                  25                 10                   7                    0                     267                  78                    0                      85
Total                         927               667                189                444                  1109                202                 141                   391
aIncludes published records that are not confirmed through voucher specimens
bExact sampling efforts unknown
Table 1. Historical and current sampling efforts of plains topminnow distribution, including records from historical and new 
sampling locations across the geographic distribution
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pled, 86.5% were provided by state natural resource
agencies as a part of stream surveys by each state
(Table 1). Additional sites were sampled within
streams where historical presence was documented,
or in drainages where re cords were considered intro-
ductions outside the native range. Sites sampled by
efforts outside of this project were defined by the
boundaries and protocols established by the biologist
or agency that generated the records.
Sampling locations
Colorado
Historical data were obtained from the Colorado
Division of Wildlife (CDW) database (CDW unpubl.
data). The most extensive historical surveys of Col-
orado were conducted in the early 1990s with plains
topminnow collected at 131 stream sites in northeast-
ern Colorado (Fig. 2, Table 1). These occurrences
were primarily located within tributaries to the South
Platte and Cache La Poudre Rivers.
During 2000−2009, 131 historical sites were re-
sampled following the CDW Warm-water Stream
Survey-Stepwise Onsite Protocol (Crockett 2008).
Twelve additional sites were included in the current
sampling efforts. The CDW database did not indicate
how many new locations were sampled; rather, it
only indicated the sites that had plains topminnow.
Iowa
Historical surveys were obtained from the Iowa
Department of Natural Resources (IDNR) database
(IDNR unpubl. data). Historically 4 published records
for plains topminnow exist in Iowa (Harlan &
Speaker 1956); however, only one of these re cords
can be considered valid (IDNR unpubl. data). All 4
records were from northwest Iowa River basins
(Rock, Floyd and Little Sioux). Two records (reported
as plains killifish Fundulus zebrinus) were from the
survey of Seth Meek (Meek 1894); single records
were from Iowa fisheries biologists W. Aitken and E.
Speaker. Work by Hubbs (1926) suggested that
Meek’s record for plains topminnow from East
Okoboji Lake in the Little Sioux River basin was in
error. Meek’s (1894) record for the Floyd River at
Sioux City may also be in error, as no topminnows
were reported in his Floyd River collection at Sioux
City (IDNR unpubl. data). Studies of fish in Iowa’s
Okoboji lakes by Larrabee (1926) and Johnson (1942)
suggest that Speaker’s record from the Little Sioux
River in Dickinson County was similarly in error
(IDNR unpubl. data). Aitken’s 1941 record from a
tributary of the Rock River in Lyon County was the
only Iowa record for plains topminnow that has been
verified (verification by Carl Hubbs, University of
Michigan Museum of Zoology). Review of Meek’s
(1894) collections in northwest Iowa suggests that his
record for Zygonectes sciadicus from the Floyd River
in Plymouth County represents an additional valid
Iowa record for plains topminnow (IDNR unpubl.
data).
In June 2009, 3 historical sites were sampled by
this study along with IDNR personnel following the
study protocol. Sixty-five additional sites were also
in cluded in the current sampling efforts (Fig. 2,
Table 1). Of these, 21 were sampled in the present
study, with the remaining sites sampled between
2000 and 2009 by IDNR during Topeka shiner Notro-
pis topeka surveys (IDNR unpubl. data).
Kansas
Historical surveys were obtained from the Kansas
Department of Wildlife and Parks (KDWP) database
(KDWP unpubl. data). A single record for plains top-
minnow was reported in 1963, in southeastern Kan -
sas, Cherokee County (Fig. 2, Table 1). This occur-
rence was located in Shoal Creek, a tributary to the
Spring River. In addition, Cross & Collins (1995)
suggested the potential for plains topminnow within
Cheyenne County, which contains tributaries to the
Republican River; however, no voucher specimens
existed. In July 2009, the single historical site was
sampled following study protocol. Four additional
sites on the Spring and Republican Rivers were
sampled using the protocols of this study (Fig. 2,
Table 1).
Minnesota
Historical surveys were obtained from the Min-
nesota Department of Natural Resources (MDNR)
database (MDNR unpubl. data). Plains topminnow
were first recorded in 1973 (Anderson et al. 1977).
The most extensive historical surveys of Minnesota
were conducted by Schmidt in 1988 and 1989
(MDNR unpubl. data). Historical surveys found
plains topminnow at 14 stream sites in southwestern
Minnesota (Fig. 2, Table 1). These occurrences were
all located within tributaries to the Rock River.
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In 2000 to 2009, 7 of the 14 historical sites were
sampled following the University of Minnesota (UM)
Topeka shiner monitoring program stream sampling
protocol (Ceas & Larson 2009). An additional 411
sites were also sampled by UM staff (Fig. 2, Table 1).
Missouri
Historical survey data were obtained from the Mis-
souri Department of Conservation (MDC) database
(MDC unpubl. data). Historical surveys of Missouri
were described by Pflieger (1997), with the first
plains topminnow record from 1931. Plains topmin-
now occurred along the northern and western edges
of the Ozarks from Lost and Shoal Creeks in south-
western Missouri to tributaries of the Missouri River.
The populations in southwestern Missouri are iso-
lated from the majority of plains topminnow popula-
tion distributions in central Missouri. Historical sur-
veys found plains topminnow at 74 stream sites in
Missouri (Fig. 2, Table 1). These occurrences were
located within tributaries to the Gasconade, Mis-
souri, Osage and Spring Rivers.
From 2000 to 2007, historical sites were sampled by
the MDC following the MDC Resource and Assess-
ment Monitoring sampling protocol (Fischer &
Combes 2003). The database provided by MDC did
not indicate the complete sampling efforts or the
number of historical sites or new sampling locations
that were recently sampled, and only indicated the
sites sampled where plains topminnow were found. In
October 2009, 36 historical sites were sampled follow-
ing the study protocol. Restrictions of the ap proved
sampling permit limited access to 8 of the 19 counties
containing historical records for plains topminnow.
Based on the MDC database’s complete sampling ef-
forts being unknown and the restrictions on the ap-
proved sampling permit, the present study can report
that 38 of the 74 historical sites have been currently
sampled in Missouri. Twenty-eight additional sites
were sampled by the MDC (Fig. 2, Table 1).
Nebraska
Historical surveys were obtained from the NGPC
database (NGPC unpubl. data) to determine histori-
cal plains topminnow distributions in Nebraska.
The most extensive historical surveys of Nebraska
streams were conducted by Johnson between 1939
and 1940 (Johnson 1942) and Lynch and Kaufmann
between 1989 and 1995 (NGPC unpubl. data). His-
torical surveys collected plains topminnow at 618
stream sites throughout Nebraska, with the majority
located within the Sandhills region of north-central
Nebraska and within the Platte River drainage (Fig.
2, Table 1). Historical occurrences were documented
in the drainages of the Elkhorn, Loup, Niobrara,
Platte and Republican Rivers. Records in the Repub-
lican River drainage were presumed to be introduced
(Rahel & Thel 2004).
From 2000 to 2010, 427 of the 618 historical sites
were visited. An additional 308 sites were included in
the current sampling efforts (Fig. 2, Table 1). Current
sampling efforts were provided by Haas (2005), the
Nebraska Department of Environmental Quality
(DEQ) (Bazata 2005), the NGPC, and the present
study. Sampling followed the study protocol, with the
exception of the historical sites sampled by Haas
(2005) and DEQ (Bazata 2005).
Oklahoma
Historical surveys were obtained from Oklahoma
museum records (Heth 2005). The most extensive
historical surveys of Oklahoma were conducted in
1927 by Hubbs & Ortenburger (1929), with plains
topminnow collected at 18 sites in northeastern Okla-
homa (Fig. 2, Table 1) from tributaries of the Neosho
River.
From 2000 to 2008, all historical sites were sampled
by Missouri Southern State University (MSSU) and
USFWS staff following the MSSU sampling protocol
(Heth 2005). Seven additional sites were included in
the current sampling efforts (Fig. 2, Table 1). Of
these, 5 were sampled by this study with the remain-
ing sites sampled from 2000 to 2008 by MSSU (Heth
2005).
South Dakota
Historical surveys were obtained from the South
Dakota Game and Fish (SDGF) database (SDGF
unpubl. data). The most extensive historical surveys
of South Dakota were conducted in 1993 and 1994. A
total of 41 sites contained plains topminnow, all lo -
cated in southern South Dakota (Fig. 2, Table 1).
These occurrences were contained in the Cheyenne,
Keya Paha, Little White, Big Sioux, Niobrara, Vermil-
lion and James River drainages. During 2009, 32 of
the 41 historical sites were sampled following the
study protocol. Seven additional sites were also sam-
pled (Fig. 2, Table 1).
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Wyoming
Historical surveys were obtained from the
Wyoming Game and Fish Department (WGFD) data-
base (Patton & Hubert 1993, WGFD unpubl. data).
The most extensive historical surveys of Wyoming
were conducted by Simon (1946) and Baxter & Simon
(1970), with plains topminnow collected at 25 sites
(Fig. 2, Table 1). These occurrences were located in
tributaries to the Niobrara, North Platte, South Platte
and Cheyenne Rivers in the southeastern portion of
the state. Records in the Cheyenne River drainage
were presumed to be introduced (Baxter & Simon
1970). Between 2004 and 2009, 10 of the 25 historical
sites were sampled following the WGFD Prairie
Streams Conservation Project Protocol (Environmen-
tal Monitoring and Assessment Program 1991, Quist
et al. 2004). An additional 267 sites were included in
current sampling efforts by the WGFD.
Detection probability
To determine the detection probabilities associ-
ated with the study protocol, we selected 40 sites
in Nebraska (Fig. 3) to sample repeatedly. These
sites were referred to as intensive monitoring sites.
Ten intensive sites included historical plains top-
minnow presence; however, plains topminnow had
not been observed for the past 10 yr (0 individuals
found in recent sampling). Ten intensive sites each
had low (≤5 individuals), moderate (6 to 29 indi-
viduals) and high (≥30 individuals) abundance of
plains topminnow, based on sampling in the last
10 yr (2000− 2010). Each intensive monitoring site
was sampled with the same amount of effort using
all 3 sampling gears.
At intensive monitoring sites, the study protocol
was employed on 3 occasions in July 2009. By con-
ducting multiple visits to each intensive monitoring
site, the detection probability for plains topminnow
at a given location within a given sampling effort was
estimated using the program PRESENCE version 2.3
and Stat Trek (PRESENCE) (MacKenzie et al. 2004,
StatTrek 2009). Detection probabilities were deter-
mined for 1, 2 and 3 sampling visits as well as for
each abundance category and are reported with the
associated standard error.
RESULTS
Historical and new locations
Revisiting 667 of the 927 sites of historical occur-
rence yielded plains topminnow at 189 sites (28.3%;
Fig. 4, Table 1). Of the additionally sampled sites, 202
of 1109 (18.2%) surveyed contained plains topmin-
now (Fig. 5, Table 1).
Colorado
Plains topminnow were present at 9.9% of 131 his-
torical collection sites (Fig. 4, Table 1). In addition,
the species was collected at 12 previously un sampled
sites (Fig. 5, Table 1). However, the
CDW database did not include com-
plete sampling efforts at new sampling
locations; thus, the results do not
include the number of sites surveyed
from which plains  topminnow were
not collected. Presently, plains top-
minnow were found to primarily
inhabit tributaries to the Cache La
Poudre and South Platte Rivers. The
abundance of plains topminnow was
low (≤5 individuals) at 52.0% of the 25
recent collection localities in Colorado
(Table 2).
Iowa
Plains topminnow were not found
at any of the 3 potential historical
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Fig. 3. Forty sites in Nebraska were selected for intense sampling and were
subsequently repeatedly sampled 3 separate times to determine the sampling
effectiveness via detection probability for plains topminnow (PTM). Sites were
randomly selected for 4 different abundances of previously collected plains
topminnow (high, ≥30 individuals, n = 10; moderate, 6 to 29 individuals, n = 10; 
low, ≤5 individuals, n = 10; or none, n = 10)
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collection sites, including the one historical site
that was confirmed with a voucher specimen (Fig.
4, Table 1). In addition, the species was not col-
lected at the 65 previously unsampled sites (Fig. 5,
Table 1). In Iowa, the plains topminnow is pre-
sumed to be extirpated.
Kansas
Plains topminnow were not found at the single
historical collection site in Kansas (Fig. 4, Table 1).
In addition, the species was not collected at the 4
previously unsampled sites (Fig. 5, Table 1). In
Kansas, the plains topminnow is presumed to be
extirpated.
Minnesota
Plains topminnow were present at all of the 7
historical collection sites sampled (Fig. 4, Table 1).
In addition, the species was collected at 33 of the
411 previously unsampled sites (Fig. 5, Table 1).
Presently, plains topminnow is restricted to tribu-
taries to the Rock River in southwestern Minnesota.
The abundance of plains topminnow was low
(≤5 individuals) at 69.2% of 26 recent collection
localities in Minnesota that reported abundance
(Table 2).
Missouri
Plains topminnow were present at 23.7% of the 38
historical collection sites sampled (Fig. 4, Table 1). In
addition, the species was collected at 28 previously
unsampled sites (Fig. 5, Table 1). However, the MDC
database did not include complete sampling efforts
at new sampling locations; thus, the results did not
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State              Total       Reported             Abundance
                   occupied   abundance   High  Moderate  Low
Colorado           25                25              9             3           13
Iowa                   0                  0               –             –            –
Kansas               0                  0               –             –            –
Minnesota        40                26              3             5           18
Missouri            37                 7               0             2            5
Nebraska         191              191            30           23         138
Oklahoma         2                  2               2             0            0
South Dakota   11                11              0             5            6
Wyoming          85                61             22           14          25
Total                 391              323            66           52         205
Table 2. Fundulus sciadicus. Relative abundances of plains
topminnow at recorded current sampling locations. Abun-
dances were recorded as high (≥30 individuals), moderate
(6 to 29 individuals) or low (≤5 individuals). Abundance data
should be cautiously interpreted because equal sampling
 effort was not conducted at all sites within or among states
Fig. 4. Historical sites sampled between 2000 and 2010 (n =
667) that were found to currently support plains topminnow
(PTM) populations (n = 189) and historical sites where plains
topminnow were not found (n = 478). Information from the
Missouri database did not include complete sampling efforts 
at historical sites
Fig. 5. New locations sampled (n = 1109) that were not in-
cluded in the historical distribution of plains topminnow
(PTM). Plains topminnow were found at 202 new sites
(18.2% of the sites surveyed). Information from Missouri and
Colorado databases did not include complete sampling 
efforts at new sampling locations
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include the number of sites surveyed from which
plains topminnow were not collected.
Nebraska
In Nebraska, 43 of the historical sites were dry dur-
ing at least one visit. Plains topminnow were present
at 34.4% of the 427 historical collection sites sampled
(Fig. 4, Table 1). In addition, the species was col-
lected at 44 of 308 previously unsampled sites (Fig. 5,
Table 1). Plains topminnow were primarily found in
tributaries to the Loup, Elkhorn and Dismal Rivers. In
Nebraska, the largest declines in plains topminnow
sites were observed within the Platte and Republican
River drainages. Historically, the Platte River drain -
age held 215 historical plains topminnow locations,
of which 20.0% currently support the species. The
plains topminnow is suggested to be introduced in
the Republican River (Rahel & Thel 2004); however,
this study identified 22 historical sites within this
drainage. Currently, this species is present at 27.3%
of these historical sites. The abundance of plains top-
minnow was low (≤5 individuals) at 72.3% of the
recent collection localities in Nebraska (Table 2). For
sites sampled by the present study’s protocol, high
and moderate abundances of plains topminnow were
detected through dip net sampling across the entire
site. If no topminnow were detected with dip net
sampling, seining and electrofishing only detected
low abundance (≤5 individuals).
Oklahoma
Plains topminnow were not found at any of the
18 historical collection sites in Oklahoma (Fig. 4,
Table 1), but the species was collected at 2 of the pre-
viously unsampled sites (Fig. 5, Table 1). However,
the Oklahoma database did not include complete
sampling efforts at new sampling locations; thus, the
results do not include the number of sites surveyed
from which plains topminnow was not collected.
Presently, plains topminnow inhabit Spring and
Spavinaw Creeks within Cherokee and Delaware
counties. Both current sites are reported to have high
relative abundance of plains topminnow.
South Dakota
Plains topminnow were present at 18.8% of 32 his-
torical collection sites (Fig. 4, Table 1). In addition,
the species was collected at 5 previously unsampled
sites (Fig. 5, Table 1). Presently, plains topminnow
inhabit tributaries to the Cheyenne, Little White,
Keya Paha, Vermillion and James Rivers, with no
plains topminnow found in the South Dakota portion
of the Niobrara River drainage. Twenty of the histor-
ical sites were found to be dry. The relative abun-
dance of plains topminnow was low (≤5 individuals)
at 54.5% of 11 recent collection localities in South
Dakota (Table 2).
Wyoming
Plains topminnow were present at 70.0% of 10 his-
torical collection sites in Wyoming (Fig. 4, Table 1). In
addition, the species was collected at 78 of 267 previ-
ously unsampled sites (Fig. 5, Table 1). Presently, the
plains topminnow primarily inhabits tributaries to the
Cheyenne River, where they are considered to be an
introduced species.
Detection probability
Detection probabilities for plains topminnow at in -
tensive monitoring sites revealed a 0.76 ± 0.05 prob-
ability of detection with one visit (Table 3). Detection
probabilities were highest (0.97 ± 0.02) with a single
sampling visit when the sampling site had moderate
(6 to 29 individuals) to abundant (≥30 individuals)
plains topminnow populations (Table 3). At sites with
low relative abundance (≤5 individuals), there was a
0.69 ± 0.11 probability that the species would be de -
tected (Table 3). During repeated monitoring, an in -
di vidual plains topminnow was caught at a site that
had not detected the species in the past 10 yr. For cal-
culation of detection probabilities, sites with 0 and
<5 individuals detected were combined. We found
that with repeated sampling at locations, detection
probabilities for plains topminnow increased to 0.95
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Abundance   Overall                      Abundance
                                           High      Moderate   Low/None
1                   76.4±4.6    96.7±2.3    96.7±2.3    68.4±10.6
2                       94.6               –                 –                  –
3                       98.1               –                 –                  –
Table 3. Fundulus sciadicus. Recorded detection probabili-
ties (%; mean ± SE) for 40 intensive sampling sites in Ne-
braska. Detection probabilities are recorded for 1, 2 and 3
sampling visits, as well as for recorded abundances — high
(≥30 individuals, n = 10), moderate (6 to 29 individuals,
n = 10) and low/none (≤5 individuals, n = 20) — based on the 
number of plains topminnow collected in the past 10 yr
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and 0.98 for 2 and 3 samplings, respectively (Stat-
Trek 2009) (Table 3).
DISCUSSION
Historical locations
Results indicated a 71.7% reduction in the number
of historical locations currently supporting plains top -
minnow populations. A reduction in known locations
identifies a trend of lost continuity in plains topmin-
now populations throughout their entire range. Ad-
justments for detection probabilities may slightly di-
minish the severity of the observed plains topminnow
loss. However, if this species was not detected, it
likely would exist only in low abundance at a location.
It is also important to use caution in comparing the re-
sults from recent sampling efforts with those gener-
ated over the historical time frame because stream
ecosystems and their fish assemblages are dy na mic
and strongly influenced by precipitation patterns. De-
spite these limitations, comparisons of re cent and his-
torical records are necessary to monitor and document
changes in species distribution and abundance.
Three states, Iowa, Kansas and Oklahoma, dis-
played 100% reduction in historical locations sup-
porting plains topminnow populations and both Iowa
and Kansas consider this species to be extirpated
(Harlan et al. 1987, Haslouer et al. 2005). However,
locations in Minnesota in the Rock River drainage
were just upstream of the Iowa border and it is likely
that plains topminnow could be found in this Iowa
drainage. Oklahoma has 2 new locations with plains
topminnow populations and both of these had high
relative abundance of the species (>30 individuals),
in dicating that suitable conditions exist in this region.
Nebraska holds nearly two-thirds of all of the his-
torical locations for plains topminnow. Sampling
efforts revealed a 65.6% reduction in the number of
histo rical locations currently supporting plains top-
minnow. Our results were similar to those of Haas
(2005), who found a 70.8% reduction in occurrence
among 130 historical plains topminnow locations.
Fischer & Paukert (2008) also found that plains top-
minnow were absent from 77.4% of the sites in the
northern Sandhills of Nebraska (n = 31), where it had
been historically found. Although the Republican
River plains topminnow are thought to be intro-
duced, reductions in populations there suggest that
other locations, such as those in Wyoming, with intro-
duced populations may not protect against loss of this
species.
Additional sampling efforts
Along with sampling at historical plains topmin-
now locations, an additional 1109 locations with
apparently suitable habitat were visited. Of the addi-
tionally sampled sites, 202 (18.2%) contained plains
topminnow (Fig. 3, Table 1). Wyoming, Nebraska
and Minnesota had the largest numbers of new loca-
tions currently supporting plains topminnow popula-
tions (Table 1). Minnesota and Wyoming were the
only states to have observed increases in the total
number of locations supporting populations of plains
topminnow. In addition, Minnesota observed 100%
of historical sites sampled still supported plains top-
minnow populations, although all locations were in a
relatively small area of the state. Although Wyoming
exhibited increases in new site occupancy by plains
topminnow, revisiting historical locations showed a
30.0% decline. Overall, the finding that plains top-
minnow occur in approximately 18% of the new sites
visited shows that the species does not occur in all
potentially favorable habitats.
A likely explanation for the expansion in the
known range for plains topminnow collections in
Minnesota is because of intensive stream monitoring
within the Rock River drainage, where 411 new loca-
tions were surveyed while sampling for Topeka
shiner. Of the sampling efforts, 8.1% yielded new
plains topminnow locations. Also during 2004, the
Rock River drainage in southern Minnesota under-
went a habitat reclamation project. The reclamation
project reduced siltation and decreased stream chan-
nelization, which restored backwater habitats, as
well as riparian and in-stream vegetation (MDNR
unpubl. data).
In Wyoming, an increase in the number of plains
topminnow collection locations resulted from the
sampling of 267 new locations. Additionally, the
unintentional introduction of plains topminnow into
the Cheyenne River drainage, thought to be associ-
ated with the stocking of warm-water fishes, resulted
in a range expansion, with an additional 38 locations
supporting populations (Baxter & Simon 1970).
The decline of plains topminnow appeared to fol-
low a gradient from south to north, with the greatest
declines in the southern portion of the range. Ne -
braska had a 65.6% reduction in historical sites sup-
porting the species, with the largest reductions in
number of sites that support plains topminnow occur-
ring in the southern tributaries of the state (Platte
River 80.0%: Republican River 72.7%). The northern
portion (Wyoming and Minnesota) of the distribution
appeared to be stable or potentially expanding.
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Detection probability
We used sampling visits to 40 locations in Ne -
braska to generate the overall mean detection proba-
bility estimate for plains topminnow, which was
0.76 ± 0.05 for one visit (Table 3). PRESENCE was
also used by CDW, who found a 0.83 ± 0.09 probabil-
ity of detection for plains topminnow with a single
pass using their sampling protocol (H. Crockett pers.
comm.). They also found that with repeated sam-
pling, the probability of detecting plains topminnow
in at least one of 3 sampling passes at a site was 0.99
(CDW unpubl. data).
Statistical programs such as PRESENCE create and
use models for estimating the site occupancy and
detection probabilities for a target species (MacKen-
zie et al. 2004). Primarily, PRESENCE has been used
for amphibian species with low detection probabili-
ties (Bailey et al. 2004, Smith et al. 2006). Sampling at
intensive monitoring locations, coupled with the use
of PRESENCE, allows estimation of the detection
probabilities of a species. However, repeated sam-
pling at sites across the geographic range of a species
may not be practical or possible given time and
access constraints.
In Nebraska, locations with low (≤5 individuals)
relative abundances of plains topminnow had lower
(0.68 ± 0.11) detection probabilities compared with
locations with moderate and high relative abun-
dance (0.97 ± 0.02). It is important to recognize that
habitats occupied by plains topminnow in other
drainages and other states may differ from those in
Nebraska, and the probabilities of detection could
thus be lower or higher. Our results indicate that in
order to detect trends in plains topminnow popula-
tions, particularly in low-abundance locations,
every effort should be made to re-sample sites mul-
tiple times, as has been suggested for amphibian
species (Smith et al. 2006). With more intensive,
longer-term sampling at a greater number of sites,
PRESENCE can be used to model factors that
would be expected to affect oc cupancy, such as
habitat type, co-occurrence of  pre dators or non-
native competitors, and drought (MacKenzie et al.
2004, Smith et al. 2006).
Potential threats
Plains topminnow were not collected from a large
portion of historical sites across their geographic
range. These declines were paralleled with the loss
of riverine species, including the federally endan-
gered Topeka shiner and the Nebraska state endan-
gered northern redbelly dace Phoxinus eos (Ricciardi
& Rasmussen 1999, Fischer & Paukert 2008, Volcan et
al. 2011). No singular cause seems to be responsible
across the range of plains topminnow, but observed
factors include stream alterations, degradation of
habitat, loss of stream connectivity and the introduc-
tion and spread of non-native species.
As with other studies, current surveys found that
plains topminnow occurred in relatively isolated
populations across watersheds (Propst & Carlson
1986, Pflieger 1997, Rahel & Thel 2004). These
patchy distributions most likely reflect the lack of
suit able habitat connections among appropriate
habitats. Because backwater areas historically would
be frequently created and lost in prairie streams,
re-colonization of these depopulated areas was likely
an important aspect in the evolutionary history of
plains topminnow. However, lowered water tables,
drought, and the construction of culverts and dams
likely limit re-colonization by plains topminnow
(Winston et al. 1991, Dodds et al. 2004). Although this
has not specifically been examined for plains topmin-
now, barriers and loss of stream connectivity has
been shown in the decline of other prairie stream
fishes, including the Arkansas darter Etheostoma
cragini (Labbe & Fausch 2000).
Another potential threat to plains topminnow pop-
ulations is the introduction of nonnative fishes.
Rahel & Thel (2004) found that plains topminnow
were seldom collected in association with larger pis-
civorous fishes. Historically, piscivorous sport fish
such as largemouth bass Micropterus salmoides and
green sunfish Lepomis cyanellus were absent or
rare in prairie stream drainages (Rahel & Thel
2004). However, the construction of stock ponds and
irrigation reservoirs has led to the widespread
stocking of sport fish across the United States.
Predatory fish are capable of escaping impound-
ments during flood events and persisting in small
streams. The impact of sport fish stockings have not
been studied for this species, but have the potential
to be detrimental to a smallspecies such as plains
topminnow. Previously, Schrank et al. (2001) found
that the extirpation of the endangered Topeka
shiner in Kansas was linked to the abundance of
intro duced largemouth bass. In addition to the
intro duction of non-native predatory sport fish,
riverine environments have often experienced shifts
in species assemblages towards non-native general-
ist species (Fischer & Paukert 2008). One such spe-
cies that has been widely implicated in declines of
native species is the western mosquitofish Gambu-
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sia affinis. The western mosquitofish has been
implicated in the reduction of plains topminnow
populations (Lynch & Roh 1996, Haas 2005) and has
affected species assemblages through predation,
competition and harassment, leading to the reduc-
tion and elimination of fish species, aquatic inverte-
brates and amphibian communities around the
world (Meffe 1985, Moyle 2002, Mills et al. 2004,
Zeiber et al. 2008). Whether the western mosqui-
tofish threatens the plains topminnow is not clear.
Goldsworthy & Bettoli (2006) observed reduced
reproductive success in the  Barrens topminnow
Fundulus julisia, a related species, when mosqui-
tofish were present. Additionally, mixed populations
displayed no evidence of Barrens topminnow
recruitment (Goldsworthy & Bettoli 2006). In aquar-
ium studies, Laha & Mattingly (2006) observed mos-
quitofish predation on juvenile Barrens topminnow.
Our study sought to update the distribution of
plains topminnow across its range and compare it
with historical distributions. Although limitations
exist and comparison of all historical records to data
generated across only 10 yr should be viewed with
caution, it is evident that plains topminnow have
been eliminated from a large portion of their histori-
cal range (71.6%). This observation is further sup-
ported by additional sampling conducted, which
found plains topminnow to be present in only 18.2%
of sites; this is a conservative estimate, as many states
did not report all data for sites where plains topmin-
now were not found during surveys.
The pattern of decline appears to follow a gradient,
with the greatest losses of plains topminnow from
southern areas. This pattern of loss suggests that
competition from mosquitofish, which generally have
poor overwinter survival in their northern range
(Haas 2005), may be a factor. To better understand
the plains topminnow’s current status, further re -
search is necessary to determine the species’ critical
habitat, home range, recolonization abilities and lim-
iting factors affecting its distribution. It is not possible
to determine whether the decline in distribution will
continue or whether the plains topminnow distribu-
tion has stabilized, or whether, in fact, increases in
distribution will continue to occur in Minnesota and
Wyoming.
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